EXISTENCE OF STEADY WAVES FOR
In recent years there has been extensive work on wave propagation in nonlinear dissipative materials. Coleman, Gurtin, and Herrera [1] have studied shock waves in materials obeying the fading memory hypothesis, while acceleration waves and higher order discontinuities in such materials have been investigated by Coleman and Gurtin [1] - [4] , Varley [5] , Coleman, Greenberg, and Gurtin [6] , and Wang and Bowen [7] . Dunwoody [8] has studied acceleration waves in linear fluent bodies.
Pipkin [9] , using a special constitutive equation of the fading memory type, obtained exact solutions to the one-dimensional steady flow equations which possessed both acceleration and shock waves. Generalizing a portion of Pipkin's work [10] , I showed that for a large class of nonlinear viscoelastic materials satisfying the fading memory hypothesis it is possible to find one-dimensional steady solutions exhibiting shock waves.
In this present paper I assume that the stress a is related to the deformation gradient F through the following constitutive equation: «r, = E(F,*)Ft + G(F,a).
(1.1)
I show that if E and G satisfy certain hypotheses, there exist steady solutions of the one-dimensional flow equations which possess both shock and acceleration waves. 2. Steady motions and governing balance laws. In what follows R will be the real line. Material points in R will be denoted by X and the parameter t in R will represent time. A function % will be called a motion if it is continuous and has partial derivatives xx > 0 and xt which are piecewise continuous on R X R. The spacial derivative Xx is called the deformation gradient and the time derivative Xt the velocity.
A motion x is said to be steady if there exist positive-valued, piecewise continuous functions F and u such that Xx(X, t) = F(x) and Xt(X, t) = u(x), (2.1) where z = x(X, t) is the place occupied by the material point X at time t. It is not difficult to show that x is steady if and only if there exists a -positive number V0 and a continuous function f having a piecewise continuous derivative f > 0 such that x(X, t) = m, t = X/V0 + t (2.2)2 for all X and t. For steady motions such that lim{_-" /'(£) = Va , the parameter F0 may be interpreted as the upstream velocity, that is the velocity at the point in space x = -oo .
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'Noll [11] discusses materials for which (1.1) holds. The constitutive equation used by Dunwoody | is similar to (1.1) and that used by Pipkin [9] is a special case of (1.1). where again x = x(X, t). If the stress field and the motion are both steady, then clearly the stress <r is a function of the variable £ = X/V0 + t. If we assume that the density of material points X in R is a constant pK , then in the absence of body forces the stress a and the motion x are related through balance of momentum:
for all Xi , X2 , and t. Since 0/dX = (l/Vn)(d/dQ and d/dt = d/d£ it is not difficult to show that for steady motions and steady stress fields (2.4) reduces to
for all £, and in R where
Xt(X, t) = /'($), and »=PrV20.
We note that if lim£__" /'(£) = V0 , then lim^.^ F(£) = 1.
For steady motions and stress fields (1.1) becomes
Before discussing the solutions of the system of Eqs. (2.5) and (2.7) we make Assumption 2. 3. The existence of compressive loading steady flows which exhibit shock and acceleration waves. In the sequel we shall assume that Assumption 2.1 holds. Steady fields (F, a) which satisfy (2.5) and (2.7) are now sought. We say that a pair of functions (F, a) are compressive loading if they are bounded and monotone decreasing in R and satisfy the upstream condition lim F(|) = 1 and lim a(£) = <xE(l) = 0.
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By a compressive loading solution we mean a pair of functions (F, a) which are compressive loading, obey (2.5) everywhere, and obey (2.7) almost everywhere in R. We note that the pair (F, «r) = (1, 0) is trivially a compressive loading solution. In the sequel this pair is called the trivial solution. Proof. The existence and uniqueness of a function <jj satisfying (3.4) follows from Assumption 2.1 (a) and from classical theorems on the existence and uniqueness of solutions of ordinary differential equations.
Equations (3.5)-(3.7) follow immediately from equations (2.8a) and (2.9c).
For compressive loading functions we define the upstream equilibrium sound speed VE and the upstream instantaneous sound speed Vj as follows: The nontrivial solutions of (ii) are commonly referred to as structured shock waves, those of (iii) as shock waves, and those of (iv) as acceleration waves.
Proof of (i). We assume that assertion (i) is false; i.e. we assume there exists a pair of functions (/'', a) ^ (1, 0) which are bounded, monotone decreasing, and satisfy (3.1)-(3.3). It then follows that there exists a point £0 G R such that which contradicts the assumption that F is compressive loading.
Proof of (ii). It suffices to show that for VE < V0 < Vj there exists a C\-«>), monotone decreasing function F which satisfies , and is such that F(£o ; £o , 5) = 5. Moreover, (3.25) and (3.26) imply that F( ■; |0 , 5) is monotone decreasing and satisfies (3.23) and (3.24) , and therefore the proof of (ii) is complete.
Proof of (iii). The proof that there is no nontrivial, C"(-00 , 00), compressive loading solution is analogous to the proof of assertion (i).
We now prove the second part of (iii). Since the pair of functions (F(£), a(£)) = 
